The simulated dive experiments were conducted at the high altitude of 4,500 meters and 5,000 meters, for the requirement of diving operation in the lakes at the altitude of 4,442 meters for the construction of large-scale hydroelectric power station. The high & low pressure chamber-complex was used, and 15 professional divers participated in the experiment. The divers were stayed at the altitude of 4,500 and 5,000 meters for 7-9 days. Totally 85 persons-times of dives to the depths of 30-50 meters were operated; they stayed under the water for 30-90 minutes while processing physical activities. During the experiment, we studied the pressurization procedure, decompression table, and physiological functions of the divers. The results indicate that, although the relative pressure differences between the surface and underwater was larger at high altitude than at sea level, the appropriate prolongation of the compression time was able to prevent the difficulty in pressure regulation for the divers to avoid the injury of middle ear. Four tables of the decompression A, B, C and D was calculated with Haldane's theory, and the speed of decompression increased in the order from A to D. The safest procedure was C, and there was no decompression sickness and bubbles in body of the divers. The methods of decompression included underwater stage decompression, surface decompression, oxygen-breathing decompression, and repetitive diving decompression. The surface decompression was the most suitable method for the high altitude, as it could greatly decrease the time in the cold water for the divers. The power spectrum analysis of EEG (electroencephalogram) indicated that, when the divers were exposed to the altitude of 5,000 meters, the d activity in EEG increased, a and b activity decreased. And the d activity decreased, the a and b activity increased while diving during a dry condition. According to the diving and decompression procedure studied under simulated conditions, 272 person-times of diving training and underwater operations were processed in a high altitude hydroelectric power station at the altitude of 4,442 meters, including photographing, video-recording, measuring, and drilling. There were no signs and symptoms of decompression sickness and bubbles.
Introduction
To dive in high altitude is the process from high altitude to the sea level, and then diving directly into the water to operate a work. After that, decreasing the pressure to the water surface level, and then directly ascending to upper air. During this process, the body should undergo the actions of drastic changes from low pressure and low oxygen to high pressure (under water) and high oxygen. For example, at the altitude of 5,000 meters, the atmospheric pressure is 0.54 ATA, and the pressure will be 5.54 ATA under water of 50 meters, the pressure difference is 10.26 times. But at the sea level, the pressure difference is only 6 times by diving into the depth of 50 meters. As a result, such factors from diving at high altitude will produce a series of special problems in diving physiology and medicine, especially the problem of decompression. It was put forward by Bell and Borgwardt in 1976 that, by using a certain correcting coefficient to modify the related depth in the conventional decompression table, the U.S. Navy Standard Air Decompression Table could be used for high altitude dive after conversion of the table by the correcting coefficient, and this is so called Cross Coefficient. But such correcting coefficient is only suitable for the dive at the highest altitude of 3,000 meters, and can only be used for the short dive nodecompression stop. And if it is used for the diving operation which need decompression stop, it could only be used at the altitude of 1,900 meters (Boni, M R et al; 1976) . Boni et al. have processed the experiment in chamber at the altitude lower than 3,000 meters and the experiment of no-decompression stop dive at the altitude of 1,250 meters, and have put forward the decompression table for the air dive at the altitude of 3,000-3,200 meters. The procedure for dive at the altitude lower than 3,200 meters was 30 m/50 min and 50 m/20 min.
The use of the decompression table in the underwater construction of high altitude: The requirement of the underwater construction in the building of 150,000 kw largescale hydroelectric power station in Yang Zhuo Yong Lake of Tibet of China, the dive at the altitude of 4,442 meters. At that time, there was no available decompression table for dive at this altitude, so we had to study it, and observe the changes in physiological functions of the divers. During several years, 86 person-times (including 36 divers) were divided into 4 groups, to the underwater construction work. Just on the arrival at the high altitude, they all suffered from acute altitude reaction of oxygen deficit. In some severe cases, the patients could only lie in bed. But after 1-2 weeks of acclimatization, they were all gradually adapted to the altitude. Then, by using the high altitude diving and our decompression procedure, they have successfully performed 257 person-times underwater construction works, including underwater prospecting, measuring, underwater soil removal, sludge eliminating, underwater explosion, dreg eliminating, and the photographing and video recording. These effectively supported the construction of large-scale hydroelectric power station and have created a new record in the large-scale underwater work at the highest altitude of the world.
Methods

Subjects
Fifteen professional divers (3 groups of subjects, 5 persons in each group), participated in the chambers complex simulated high altitude diving experiment, and they passed the strict examination after training and were selected as the subjects for the experiment. The average age was 25.2Ϯ4.2 years (meanϮS.D), the height was 172.4Ϯ3.6 cm, the body weight was 65.6Ϯ5.5 kg, and the diving career was 4.6Ϯ3.1 years. There was no history of decompression sickness. (Table 1) .
Four r-values were used respectively to calculate 4 types of decompression table in order to compare them and to select a series of safety coefficients suitable for fieldwork at high altitude, and the decompression tables calculated with them. A total of 15 decompression procedures A-D procedures, were tested repeatedly. We have performed 4 types of decompression procedure, including underwater stage decompression, surface decompression, oxygen breathing decompression and repetitive diving decompression. The depths of dives were 30 and 50 meters, the bottom time were 30, 45, 60 and 90 minutes. During and after decompression, the subjects were observed for monitoring bubbles at rest and after exercise. The probes of Doppler's ultrasonic bubble monitor on the anterior chest was placed.
During every diving, the divers were scheduled to perform physical load of 600-800 kg/m/min with bicycle ergometer and physiological functions test.
The emphasis of the present experiment is to study the table of decompression. During 3 tests, we had study the safe coefficient r-values of 4 groups super saturation for A, B, C, and D, which is four series of decompression procedure (Table 3) .
The A type decompression table was calculated according to the safety coefficient determined by the curve of Buhman (1975) . In this procedure, 10 person-times dived 50 meters depth for 30 minutes, and 5 person-times dived 30 meters for 45 minutes.
Test 1: After the subjects were decompressed to the equivalent altitude of 3,500 meters, in the high low-pressure chambers, at a speed of 10 meters/second. They stayed for two days to acclimate to this altitude, they were decompressed the altitude of 5,000 meters with the same speed. As the divers show the reactions of oxygen deficit in different degrees just after arriving at these altitude, they should stay at 5,000 m altitude during two days for acclimatization, and then were required to dive for three days, three dives a day for each person.
Test 2: The divers were decompressed to 3,500 m with the same speed of test 1, and then reached to 4,500 m, after one day of acclimatization at 3,500 m, the divers began to dive once a day, 6 dives for each person.
Test 3: 5 divers were directly decompressed to the altitude of 4,500 meters in the chamber, and began to dive on the second day. They should dive 7 times in a 6 day. They would have dived twice (Table 2) .
For example of Test 3, the time for the pressurization process of 7 dives in a 6 day. At the altitude of 4,500 meters to the depth of 30 meters under water was 3 minutes and 35 seconds. In particular, the compression time from the altitude of 4,500 meters to the sea level was 1 minute and 22 seconds, and then compression from the sea level to sea bed in 2 minutes and 13 seconds. The compression speed was not slower than 10 meters/minute.
After each test, the divers should return to their inhabiting altitude, staying there for 12 hours, and then, the pressure would be raised to the sea level. The observation period would be one week after they left the chamber.
The EEG was recorded and analysed during the high 228 Simulated High Altitude Diving Experiment for the Underwater Construction Operation altitude dives. We have recorded the EEG using NIHON KOHDEN-5019 Model. The active electrodes were placed symmetrically on the frontal cortex, parietal and occipital lobules, while the negative electrodes were placed on left and right ears, and the ground electrode was placed on frontal center. The integral values of spectrograph of the left parietal and left occipital lobules in 10 seconds of EEG were recorded with MAF-1 Model Frequency Analyzer. The subjects should keep quiet and close their eyes during recording. The brain is sensitive to both oxygen deficit and high oxygen, and EEG is an important index reflecting the functions of the brain. For each diver, we have recorded his EEG at the sea level as a control point, his EEG when he was exposed to high altitude, and his EEG when he were diving. Moreover, we also analyzed the power spectrum. (Table 4) . Data of percent integral values of EEG are shown as meanϮS.D. The comparison of mean data between different conditions assayed using students test, pϽ0.05 was considered statistically significant.
After the simulated dive experiment, we organized diving training in the high altitude lake using the decompression table, which we studied in the simulated condition. Totally 80 persons-times of dives to the depth of 18-30 meters, they stayed under water for 15-40 minutes.
Results
At the equivalent altitude of 4,500 and 5,000 meters, 85 person-times of air-dry dives were completed. The longest time of stay in high pressure was 90 minutes, and all the subjects have presented good physical conditions and thinking abilities. They all accomplished scheduled work successfully. The divers all left the water safely, and there were no bubbles in the body by monitoring with Doppler's ultrasonic bubble detector.
The B type decompression table was calculated with the rvalue series from 1.58-1.8. And the C type was calculated with the r-value series from 1.60-1.78. The decompression time for these two types was moderate and faster than that of type A. By using these two types of decompression tables, 60 person- times of experiments at the altitude of 5,000 and 4,500 meters were performed, and there were no signs and symptoms of decompression sickness, no bubble over grade II. The D type decompression table was calculated with the r-value series from 1.65-1.80, which was faster than that of the above mentioned 3 types. This procedure was used in 15 persontimes of dives at the altitude of 4,500 meters. On two divers, the bubbles grade II was detected at rest state during the decompression at 2 meters stop and after leving from the water. But there were no notable signs and symptoms of decompression sickness. It can be seen that, when the divers ascended from the sea level to the altitude of 5,000 meters, the percent integral values of d activity was increased significantly, pϽ0.01 in comparison with that at the sea level, a activity reduced, and b 1 and b 2 activity increased markedly. At the same time, the divers had the symptoms of headache, dizziness, anorexia, and dyskoimesis, and the changes in EEG were closely related to the reactions of oxygen deficit. But when the divers were transferred from the condition of oxygen deficit to the condition of high oxygen, the oxygen breathing increased, and EEG had notable improvement in comparison with the condition of oxygen deficit at high altitude. The percent integral value of the a wave increased and that of d wave decreased markedly.
There were no signs and symptoms of decompression sickness on the divers during the underwater construction; no bubbles over II grade were detected (Spencer 1976 ).
Discussion
The largest peculiarity and difficulty of underwater operation at high altitude is the diver should undergo the actions of drastic changes between low pressure (low oxygen) and high pressure (high oxygen). It is just like the process from the airplane in the upper air into the deep water, then directly ascending to upper air. It will produce difficulty for the pressure regulation of the body. And the pressurization and decompression procedures for dive at sea level could not be used for altitude dive. In determining the decompression steps and procedures for the complex of diving depth and working time in high altitude underwater construction, we have used Haldane theory, which raised the concept of saturation, desaturation, over-saturation, and safe coefficient of inert gas in the body. We have also calculated four decompression tables A, B, C, and D with different r coefficients, performed 85 person-times of simulated dives at high altitude. The results showed that, table C have shown the characteristics of high efficiency and safety. So, we have used the decompression table C in the large-scale high altitude dives, which assured the safety, effectiveness, and applicability of underwater work. It deserves to be popularized. In the methods of decompression, we have used:
1. Underwater stage decompression: The procedure includes some underwater stage and stay of decompression.
The several stopovers could help the divers to discharge the hyperbaric inert gas from the body during the process of decompression. This decompression method is safe and reliable, but the defect will affect the health of the divers under the cold water of high altitude for a long time.
2. Surface decompression: The divers should remove his outfit quickly and transferred into the hyperbaric chamber to continue decompression after being decompressed to a certain depth and leaving from the water. In the experiment, the divers were decompressed to the depth of 6 meters, then left from the water directly and were moved into hyperbaric chamber in 6 minutes to continue decompression. The advantage of this procedure is that the divers could stay under the water for shorter period Besides this, it is safer. So, it is suitable for the high altitude dive (Edel 1970) .
3. Oxygen decompression: The divers were decompressurized to a certain depth, and then continue the decompression by the oxygen breathing. The advantage of oxygen breathing is that, the inert gas in the body could be washed out, and it could reduce the time for decompression and increase the diving efficiency. But the time for oxygen breathing and PO 2 should be carefully controlled to avoid the oxygen toxicity. Thus, this decompression method is also suitable for the high altitude dive.
4. Repeated dive: The divers using this decompression method should perform over 2 dives [Fawcett TA et al.1992] within 12 hours. The residual amount of inert gas from last dive should be considered and an appropriate decompression method should be used during the process of decompression. We believe that the decompression procedure of C table and the method of decompression at water surface level are suitable for the high altitude dive.
Under the condition of pressurization and decompression during the dives (dry condition) at high altitude, the multiplying rate of the pressure changes is larger in the dive at high altitude than that in the dive of same depth at sea level. As a result, the pressure regulation of the middle ears of the divers will be more difficult at high altitude, but the experienced professional divers were able to competent at the scheduled speed of pressurization when they focused their attentions and initial regulated pressure on it.
It seems that, using this decompression table calculated with this series of r-values, could have higher efficiencies in dives, but it will also produce a potential possibility of decompression sickness. So, it is suggested that this procedure should be used with great care. Via comparing above four decompression tables, we believed that the decompression table calculated with C table of r-value series is suitable for the dives at high altitude. It is safe, reliable, and also able to assure an appropriate diving efficiency (Tables 3 and 4) .
Diving at the high altitude, the body will have a series of altitude reactions because of the special geographical conditions and severe climate, especially the condition of oxygen deficit. These reactions, in a certain range, belong to physiological stresses and are not pathological changes. These symptoms will disappear gradually after 1-2 weeks. Therefore, in large-scale high altitude dive, the technicians and the divers should go step-by-step and ascend gradually in entering a high altitude from the sea surface level. The appropriate procedure is to ascend 1,000 meters per day, and acclimatization for 1-2 weeks after ascending over 4,000 meters altitude before beginning to work. The results of present experiment showed that the component part of the slow waves in EEG of the divers exposed to the condition of oxygen deficit at the altitude of 4,500 or 5,000 meters increased significantly, andÉøactivity decreased, which is similar to the results of our previous research. But when they dived to the depth of 50 meters, the EEG showed notable improvement, the slow activity decreased, andÉøactivity increased markedly. This might be caused by the correcting effect of breathing hyperbaric oxygen during dives on the functions of brain impaired by oxygen deficit at high altitude. (Shi Zhongyuan 1983 , 1989 .
This indicated that, the reaction of low oxygen condition of the body was improved At the same time, the symptoms of oxygen deficit were also relieved. The results of the diving tests indicate that, our high altitude diving procedure and decompression table is effective and safe, and it could be extensively used for underwater constructions in high altitude. (Table 5 ) 
